4).
The Giushi Member consists of well-bedded nummulitic limestone with a softer yellowish grey marl parting. The top bed of this unit is very hard and dolomitic, and rich in elongate pelecypod shells belonging to Macrosolen sp. One of the middle marly thin beds yields small benthics such as Uvigerina, Cibicidoides, Palmula and Eponides.
The Maadi Formation, at the base, consists of an interval of interbedded greyish green shale and unfossiliferous marl, followed by massive shale (about 5 m) that is truncated at the study section by an erosional surface and talus above. However, this formation is rather complete in other parts, represented by rather thicker massive shale followed by phosphatic limestone, and an upper part consisting of oyster banks alternating with a Carolia-rich interval that is repeated several times with occasional nummulitic limestone beds. This arrangement of beds is sporadically distributed laterally, yet it is absent in the El Basatin Section.
Biostratigraphy of the El Basatin section
The nummulitid content of the Upper Building Stone and Giushi Members yielded 9 species belonging to the Upper Lutetian to Bartonian. These species are Nummulites farisi Hussein et al., 2004 ; Nummulites cf. praegizehensis Boukhary and Hussein-Kamel, 1993 ; Nummulites cf. gizehensis (Forskål 1775) ; Nummulites discorbinus (Schlotheim 1820) ; Arxina schwageri (Silvestri, 1928) and Nummulites crassichordatus Boukhary et al., 2010 . The Giushi Member yielded 3 species that suggest a Bartonian age for this Member, these species are Nummulites aff. beaumonti D´ Archiac and Haime 1853, Nummulites decrouezae and Nummulites praestriatus. The Maadi Formation, on the other hand, is devoid of fossils in the study section, yet it has been suggested by others that it is of Bartonian-Priabonian age.
According to the biostratigraphic scheme of Schaub (1980) and Serra-Kiel et al. (1998) , Nummulites cf. praegizehensis Boukhary and Hussein-Kamel, 1993 ; Nummulites cf. gizehensis, (Forskål, 1775) ; Nummulites farisi Hussein et al., 2004 ; Nummulites discorbinus (Schlotheim 1820) ; and Arxina schwageri (Silvestri, 1928) from the Mokattam Formation, Upper Building Stone Member, El Basatin Section belong to SBZ 16 of Lutetian age (Fig 5) . Nummulites aff. beaumonti D´ Archiac and Haime 1853; Nummulites praestriatus Boukhary & Kamal, 1988 and Nummulites decrouezae Boukhary, 1988 identified from the Mokattam Formation, Giushi Member, El Basatin Section belong to SBZ17 of the Early Bartonian.
from 16.7-22.54 mm, thickness ranges from 1.09 to 1.58 (Fig. 6) . In megalospheric forms, diameter ranges from 3.5 -6.01mm, thickness ranges from 0.98-1.69 mm. Diagnosis: Test is lenticular, thicker in the center, chambers are quadrate, test surface is granulate.
The microspheric (B-form) test has a rounded margin with a thicker center. Septal filaments are sinuous at the center and become radial at the periphery. In equatorial section, steps of coiling are lax to tight. The base of septa is straight and becomes gently inclined. The chambers are quadrate. The last whorl in adults has a bend. The number of whorls in relation to the radius is 18 in a radius of 6.1-6.96 mm and 26 whorls in a radius of 9.39 mm.
The megalospheric (A-form) test is much smaller, thick at the center, surface with sinuous septal filaments at the middle portion and becomes radiate outside in the small individual; densely granulate; granules are oval and coarse at the septal filaments and concentrated around the center forming an apex. In equatorial section: the septa start perpendicular at the base and then become inclined at the top. Steps of coiling are lax to tight. Number of whorls in relation to radius is 4 in a radius of 2.18-2.35 mm and 5 whorls in a radius of 2.27mm. Ontogeny from lax to tight. Protoconch diameter ranges from 0.7-1.1 mm.
Remarks: The granulations are oval and coarse at the septal filaments and concentrated around the center forming an apex in megalospheric form, and there are scattered pillars. Additional parameters for N. farisi (Band A-forms), are shown in Figure 6 . Table 1 shows the differences between N. farisi Hussein et al. 2004 and N. farisi in the present work.
Group Nummulites gizehensis
Nummulites cf. praegizehensis Boukhary and HusseinKamel, 1993 (Fig. 14. 1-17) cf.1993 Nummulites praegizehensis pl. 1, Stratigraphic level: Late Lutetian. Dimensions: In microspheric forms, maximum diameter ranges from 14.89-19.94 mm, while thickness ranges from 2.43−3.04 mm (Fig. 7) . In megalospheric forms, maximum diameter ranges from 4.75-5.98 mm; thickness ranges from 1-1.94 mm.
Diagnosis: The microspheric (B-form) test is lenticular flattened, medium sized, surface is non-granulate, rounded periphery and with meanderine septal filaments. In equatorial section, septa are slightly perpendicular at the base, and then arched at the top; with irregular marginal cord. Chambers are longer than they are high. Number of whorls in relation to the radius is 10 whorls in a radius of 4.48-5. 8 mm and 16 whorls in a radius of 7.17 mm.
The megalospheric (A-form) test is lenticular to biconical, with a swelling center in small tests with dense granulation that covers the septal filaments and the space in between. Septal filaments are twisted towards the center and become radial at the outer margin. In equatorial section, the spire is regular, the steps of coiling grow regularly from lax to tight, septa as in B-form and chambers are quadrate in shape. Number of whorls in relation to the radius is 6 in a radius of 3.29 mm. Protoconch diameter ranges from 0.32-0.64 mm.
Remarks: Morphometric data from sample 4, Upper Building Stone Member are shown in Figure 7 . (Fig. 8) . In equatorial section, septa are perpendicular, with Fig. 5 . The phyletic series of the Nummulites species (modified from Schaub 1981 , Boukhary et al. 2010 , Boukhary et al. 2016 ) and the present work. irregular marginal cord. Chambers are quadrate in shape. Number of whorls in relation to the radius is 32 whorls in a radius of 11.92 mm.
The megalospheric (A-form) test is lenticular to biconical, with a swelling center in small tests. The granulation covers the septal filaments. Septal filaments are twisted towards the center. Maximum diameter ranges from 4.14-5.67 mm, thickness ranges from 1.33-1.84 mm. In equatorial section, spire is regular, the steps of coiling grow regularly from tight to lax, septa are perpendicular at the base, then curved at the top of the whorl and chambers are quadrate in shape. Number of whorls in relation to the radius is 5 whorls in a radius of 1.87 mm. Protoconch diameter ranges from 0.67-0.88 mm.
Remarks: Additional parameters for N. cf. gizehensis (B-and A-forms), sample 5, are shown in Figure 8 . Table  3 compares the measurements of this species with similar species.
Group Nummulites fabianii
Nummulites decrouezae Boukhary, 1988 (Fig. 16. 1-22) Dimensions: In microspheric forms, maximum diameter is 4.18 mm, while thickness is 1.03 mm (Fig. 9) . In megalospheric forms, maximum diameter ranges from 1.79-2.9 mm; thickness ranges from 0.61-0.96 mm.
Diagnosis: The microspheric (B-form) test is flat, a roughly rounded periphery, granulation visible on the exterior surface, granules are spirally arranged form the center to the periphery on the septal filaments, giving a radial pattern.
The megalospheric (A-form) test is compressed, dense granulation scattered over the whole surface, with uniform density, arranged spirally from the center to the periphery on the septal filaments. In equatorial section, steps of coiling are regular being tight to lax, marginal cord is thick, septa are inclined, the chambers are higher than long. The axial section is characterized by parallel margins. Number of whorls in relation to the radius is 3 in a radius of 0.52-0.72 mm. Protoconch diameter ranges from 0.09-0.1 mm.
Remarks: Morphometric data from sample 25, Giushi
Member are shown in Figure 9 . Table 4 compares the measurements of Nummulites bullatus decrouezae Boukhary, 1988 and Nummulites decrouezae Boukhary et al (2015) with those of the present work. Nummulites The granulation occur on the septal filaments.
Coarser on the polar regions to spirally arranged in juveniles, whereas rare or the surface is erased in adults.
The granulation covers the septal filaments.
Number of whorls per radius 4/2.3 mm 5/2.8-3 .5 mm 4/1.56-2.3 mm 6/3.0-3.6 mm 6/3. decrouezae is distinguished by having the granules spreading across the whole surface of the test, and in the adult specimens they are spirally arranged externally with partial coalescence. We have only 1 B-form specimen in the study area. Nummulites decrouezae in this study is smaller in diameter and thickness than Nummulites bullatus decrouezae. It is worth mentioning that through the phylogeny of the N. fabianii group, the granules are coarser centrally and spread from the center towards the periphery and becoming finer, while through evolution with time the granulations are coalescent, forming reticulations starting from the outer part towards the center evolving to the reticulate N.fabianii during the Priabonian. The authors believe that this system of evolution perhaps is a form of retrogenesis and believe also that the N. fabianii group is polyphyletic (e.g., through phylogeny): the progressive development of granulation starts from interior to exterior contra that of reticulation, which developed from exterior to interior. Granules are spirally arranged from the centre to the periphery.
Granulation visible on the exterior surface, granules are spirally arranged from the center to the periphery on the septal filaments giving a radial pattern, granules are more scattered and finer than in the megalospheric form. (Schlotheim 1820) (Fig. 17. 1-28 Stratigraphic Level: Late Lutetian. Dimensions: In microspheric forms, maximum diameter is 6.1 mm, while thickness is 1.46 mm (Fig. 10) . In megalospheric forms, maximum diameter ranges from 2.21-3.25 mm; thickness ranges from 0.91-1.31 mm.
Group Nummulites discorbinus Nummulites discorbinus
Diagnosis: The microspheric (B-form) test is lenticular to nearly biconical with a rounded periphery. Surface is non-granulate with radial septal filaments which are straight at the outer edge and twisted at the center. In equatorial section, the steps of coiling grow from tight to lax. The spire is regular with a thick marginal cord, the average thickness of the marginal cord gradually increases. Septa are perpendicular. The chambers are higher than long. Number of whorls in relation to the radius is 13 in a radius of 3.5-3.46 mm.
The megalospheric (A-form) test is inflated, with a pronounced polar boss. Septal filaments as in the B-form. In equatorial section, spiral grows from tight to lax, with a thick marginal cord. The spire is regular. Chambers are higher than long. Septa are perpendicular at the base and become slightly inclined in their upper part and with a polar pustule in axial section. Number of whorls in relation to the radius is 6 in a radius of 0.97-1.21 mm. Protoconch diameter ranges from 0.17-0.19 mm. Remarks: Morphometric data from sample 18, Upper Building Stone Member, are shown in Figure 10 . Table 5 compares the measurements of Nummulites discorbinus (Schlotheim, 1820) after Schaub, 1981 , with the present work. Nummulites discorbinus (Schlotheim, 1820) is characterized by lenticular to biconical lenticular shape, and the proloculus and deuteroconch are isolepidine. Group Nummulites beaumonti Nummulites aff. beaumonti D´ Archiac and Haime 1853 (Fig. 18.1-15 ) Fig. 12 . Morphometric data for Nummulite praestriatus (after Boukhary & Kamal, 1993 
Diagnosis:
The microspheric (B-form) test is lenticular to biconical, slightly rounded periphery, surface is nongranulate, with curved septal filaments. These filaments are radiate and twisted at the polar area. Maximum diameter ranges from 5.8-7.15 mm, thickness ranges from (Fig. 11) . In equatorial section, septa perpendicular at the base then slightly inclined at the top. Marginal cord relatively thick and irregular. The steps of coiling grow from tight to lax, spire is regular and more lax towards the periphery. Chambers are rectangular, being higher than long. Number of whorls in relation to the radius is 12 whorls in a radius of 2.86 mm. The megalospheric A-form is biconical with a rounded periphery. Septal filaments are curved, anastomosing at the polar area. Maximum diameter ranges from 3.14-4.57 mm, thickness ranges from 1.38-2.07 mm. In equatorial section, septa are nearly straight. The marginal cord is thinner than that in the B-form, spire is slightly regular. The steps of coiling grow from tight to lax. Chambers are rectangular (higher than long) and with less obtuse margin, polar pustule in axial section. Number of whorls in relation to the radius is 6 whorls in a radius of 1.19 mm. Protoconch diameter ranges from 0.22-0.29 mm.
Remarks: Additional parameters for this species (Band A-forms), sample 24, are shown in Figure 11 . Table 6 compares the measurements of this species with similar species. Nummulites aff. beaumonti characterized by curved compact septal filaments that radiate and twist at the polar area in microspheric form. In megalospheric form, the axial section is characterized by a more or less obtuse margin and a polar pustule.
Group of Nummulites striatus
Nummulites praestriatus Boukhary & Kamal, 1993 (Fig. 19. 1-19) 1993 Nummulites praestriatus Boukhary and Kamal, p. 585, 2004 Nummulites praestriatus Hussein et al., p. 172, table 2, fig. 4 , pl. III, figures 1-33.
Locality: This species is recorded from the Mokattam Formation, Giushi Member, El Basatin Section, sample no. 25.
Stratigraphic Distribution: Bartonian. Diagnosis: The microspheric (B-form) test is lenticular with inflated center and thin periphery, slightly rounded periphery with polar pustule in juvenile specimens. Surface is non-granulate with radial septal filaments, which are straight at the outer edge and twisted at the center. Maximum diameter ranges from 5.95-5.02 mm, thickness ranges from 2.33-2.07 mm (Fig. 12) . In equatorial section, spire is regular, becoming laxer in the last whorls. Septa thin and straight at the base then slightly inclined. Chambers are rectangular (higher than long). Marginal cord is relatively thick. Number of whorls in relation to the radius is 7 whorls in a radius of 2.21 mm.
The megalospheric (A-form) is lenticular to biconical in shape, surface with radial septal filaments that are twisted at the center, rounded periphery and with a center polar pustule which appears in the juvenile stage and disappears in the adult stage. Maximum diameter ranges from 1.66-3.51 mm, thickness ranges from 0.8-2.08 mm. In equatorial section, septa are nearly straight and thin, regular spire tends to become laxer in the last whorls. Spiral cord thick, chamber higher than long, axial section characterized by bluntly pointed margin. Number of Figure 12 . Table 7 compares the measurements of this species with similar species. In the present study, this species with the central polar pustule appears in the juvenile stage then becomes reduced and disappears in the adult stage. It has a flat, very thin periphery. Boukhary et al. 2012 (Fig. 20. 1-36) 1928 Operculina schwageri Silvestri, p. 112, node infra p. 3.
2011 Arxina schwageri (Silvestri, 1928) -Boukhary et al., pl. 1(1-9), 2(1-7).
Diagnosis: The microspheric (B-form) test is is thin, flat with a well-developed central swelling. The septa radiate from the center and curve at the outer margin. Diameter of the test ranges from 1.42-3.52 mm, thickness ranges from 0.2-0.59 mm. Granulations are seen covering the central part and extend to the septal filaments.
Conclusions
The study of the Nummulites content of the Upper Building Stone Member indicates that this unit belongs to the Late Lutetian. Nummulites species include Nummulites farisi Hussein et al., 2004 ; Nummulites cf. praegizehensis Boukhary and Hussein-Kamel, 1993 ; Nummulites cf. gizehensis (Forskål, 1775) ; Nummulites discorbinus (Schlotheim 1820) ; and Arxina schwageri (Silvestri, 1928 . At the top of the Member, there are some echinoids and Nummulites crassichordatus Boukhary et al., 2010 .
The Upper Building Stone sequence is disturbed by an interval showing semilithified deformation. This deformation is manifested by the occurrence of slumps associated with internal convolute stratification (Fig. 4) . This exerted a load on an already deposited shale bed, below which it could have responded by flowing laterally, and hence resulting in inconsistent thickness and pinching out.
It seems that the carbonate platform of the Upper Building Stone Member could have been subjected to a tectonic pulse that accounts for such sedimentary features. This would also point to a short hiatus during deposition. However, unlike the sedimentary facies, Nummulites distribution does not reflect such a hiatus.
The contact between the Building Stone Member and the overlying Giushi Member is fairly gradational and, in some cases, arbitrary. The top part of the Giushi Member shows a concentration of the elongate shells of the bivalve Macrosolen in a rather dolomitic lithology. The top of the Giushi Member would therefore point to a relative drop in sea level, where cementation is greater than sedimentation.
The previously mentioned suggestion is also evident from the fact that the overlying lower part of the Maadi Formation is devoid of fossils, especially at the El Basatin Section. As hinted earlier, the younger very shallow marine beds of the Maadi Formation elsewhere in the Mokattam region show fast facies change and inconsistent thicknesses, indicative of estuarine environments.
Briefly, the middle-upper Eocene succession of the Mokattam region indicates deposition in a carbonate platform environment that could have been disturbed by a tectonic shock in the middle Eocene, followed later by a sea level fall at the commencement of the late Eocene. The latter event resulted in a paleo-relief and hence separated depositional shallow basins, where the Maadi Formation was deposited.
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